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© There is disclosed an ion mobility detector hav- 
ing a sample inlet membrane (24), means for flowing 
a sample passing through the membrane (24) over 
an ionisation source (26) to an ion reaction region 
(27), with which one or more ion drift regions (10A f 
10B) communicate, means (30 A1 to 30 A4, 30 B1 to 
30 B4) for impressing a potential gradient on the or 
each drift region (10A, 10B), an ion injection shutter 
(28A, 28B) at the entrance to the or each drift region 
whereby the drift region can be made accessible or 



inaccessible to ions of a particular sign located in 
the reaction region (27), an ion detector (32A, 32 B) 
in the or each drift region, means (34A, 34B) for 
passing drift gas down the or each drift region to the 
reaction region and exit means (22) in the reaction 
region (27) remote from the ionisation source (26) for 
venting drift gas from the reaction region (27), a 
source (25, 46) of alternating potential being con- 
nected to the ionisation source (26). 
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This invention relates to ion mobility detectors. 

Ion mobility detectors are used to detect the 
presence of materials in an environment, for exam- 
ple contaminants in atmospheric air. A library of 
known possible contaminants is built up and the 
measurements known for these are then compared 
with the results from an unknown species to decide 
whether a sample contains a contaminant and if so 
whether it has already been identified. Measure- 
ment of concentration or an indication of concentra- 
tion can be given as well as qualitative identifica- 
tion of the species. 

Typical prior art ion mobility detectors have an 
ionisation source, an ion reaction region, an ion 
drift region, e.g. in the form of a tube, an ion 
injection shutter or grid interposed between the ion 
reaction region and the ion drift region, and an ion 
detector. The systems operate at atmospheric 
pressure where the mean free path of the con- 
tained gas molecules in the drift region is a small 
fraction of the dimensions of the container. A car- 
rier gas, normally purified atmospheric air (particu- 
larly purified to remove water vapour which can 
interfere with the detection of certain types of 
charged species) is introduced into the ion mobility 
detector with a sample gas or vapour of the ma- 
terial whose identity is to be determined by charac- 
terisation of its ion mobility properties. The carrier 
gas containing the sample is introduced through an 
inlet so as to be exposed to the ionisation source. 
This causes portions of both the carrier gas and 
the sample to be directly ionised at the ionisation 
source. The molecules of the carrier gas are 
present in far greater numbers than the sample and 
so more of these are ionised. The gaseous mixture 
is located within the reaction region at this stage 
and since the mean free path is many times small- 
er than the dimensions of the reaction region, mul- 
tiple collisions between the molecules of the carrier 
and the sample gas(es) occur, the result of which 
is that the ion charge tends to be transferred by 
these collisions from the carrier molecules to the 
sample molecules thus resulting in a secondary 
ionisation process which ionises an increased num- 
ber of the molecules of the sample. The reaction 
region is normally arranged to be under the influ- 
ence of a potential gradient which moves the 
charged mixture towards the ion injection grid 
which is electrically charged to prevent transfer of 
ions from the reaction region to the drift region but 
which can be deenergised so as to let a pulse of 
ions pass through into the drift region. Accordingly, 
periodically the grid is de-energised for a short 
time and a number of ions are introduced into the 
drift region. This period is called the cycle time and 
can be varied. The drift region is arranged to be 
under the influence of an electrostatic drift field or 
potential gradient which acts to move ions in the 



drift region down the tube away from the ion injec- 
tion grid towards a detector electrode which col- 
lects the charge from the ions and is located at the 
end of the drift region. The time of arrival of each 

5 ion at the detector grid relative to the time that the 
ion injection grid was opened is determined by the 
mobility of the ion in the carrier gas occupying the 
drift region. Heavier ions move more slowly 
through the drift region and take longer to travel to 

70 the detector than lighter ions. Ions with the same 
mobility have their velocities modified slightly due 
to diffusion effects; when they arrive at the detector 
electrode they are spread in an error function, the 
peak of which enables one to determine the time 

75 taken between the opening of the grid and arrival 
of the group at the detector. This can be used to 
characterise the ions. 

However, some molecules which it is wished to 
detect ionise to form positive species and others 

20 form negative species and some form both spe- 
cies. If detection of both species could be simulta- 
neously achieved on the same sample this would 
be attractive. Thus using a single conventional de- 
vice a delay will be incurred in switching from 

25 positive to negative operating conditions and the 
measurements will not be done on precisely the 
same sample. If two separate drift cells are used 
the samples again will not be precisely the same. 
USP4445038 (Bendix) proposes a double tube 

30 arrangement to enable positive and negative spe- 
cies to be detected simultaneously. It proposes 
opposed drift tubes with an interposed ionising 
source and a transverse flow of sample and carrier 
gas directed across the ionising source. This ne- 

35 cessitates the incorporation of a long sample inlet 
line leading from the inlet nozzle to an entrance 
located in the ionising source mounted centrally 
between the opposed drift tubes. Experiments have 
shown that an offset ionising source enables a 

40 faster response and greater sensitivity to be 
achieved. 

Bendix suggest that the positive and negative 
ions can be detected by simultaneously opening 
the shutter grids on each tube or opening the grid 

45 sequentially. In the Bendix arrangement the poten- 
tial field in tube 18 draws out positive ions from the 
ionisation region and tube 16 negative ions. In 
order to get simultaneous positive and negative 
spectra the ioniser must be at a fixed potential. 

so GB2003312 discloses a reaction region defined 

by an ionisation source 14 in the form of a grid 
symmetrically disposed around the longitudinal 
axis of a reaction region 26,27. 

EP253155 discloses a system in which the 

55 field in the drift tube is selectively reversed in 
response to identified ions approaching the collec- 
tor 22. 
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According to the present invention an ion mo- 
bility detector has a sample inlet membrane, 
means for flowing a sample passing through the 
membrane over an ionisation source to an ion 
reaction region, with which one or more ion drift 
regions communicate, means for impressing a po- 
tential gradient on the or each drift region, an ion 
injection shutter at the entrance to each drift region 
whereby the drift region can be made accessible or 
inaccessible to ions of a particular sign located in 
the reaction region, an ion detector in the or each 
drift region, means for passing drift gas down the 
or each drift region to the reaction region and exit 
means in the reaction region remote from the 
ionisation source for venting drift gas from the 
reaction region, a source of alternating potential 
being connected to the ionisation source. 

Preferably the detector has two cylindrical drift 
regions, arranged to attract ions of opposite polar- 
ity, disposed at either end of a cylindrical reaction 
region and the ionisation source is located in a 
housing outside the cylindrical reaction region, the 
said housing communicating with the reaction re- 
gion. Preferably the exit means for venting the drift 
gas are diametrically opposite the housing for the 
ionisation source. 

The present application is a divisional from EP 
90902651.0 Serial number 456700 which is direct- 
ed to the ionisation source being offset from the 
reaction region, and from the central axes of the 
drift regions. 

The offset ionising source conveniently permits 
the sample to be introduced to the ionising region 
via as short a path as possible. Minimising this 
path length is essential if the instrument is to 
exhibit rapid responses to changes in sample con- 
centration. 

In addition the offset source permits a straight 
through gas flow arrangement. This arrangement 
has two advantages, firstly all the sample passes 
through all of the source, such an arrangement 
maximises sensitivity, secondly the possibility of 
any sample molecules entering the drift regions is 
removed whilst retaining the facility to indepen- 
dently vary the gas flow, for example to change the 
sensitivity of the device. 

The advantage of applying an alternating po- 
tential to the radioactive source is that it tends to 
remove the effects of surface charge build-up on 
the various components in the ionisation and reac- 
tion regions. The concentration of ions in these 
regions is much greater than that in the rest of the 
device and, if a constant voltage is applied to the 
source, it is found that collision of ions with sur- 
faces in this region leads, over a period of seconds 
or greater, to the build-up of charge on the sur- 
faces. The disadvantage of this is that the electric 
field within the device is modified so as to repel 



ions away from the desired paths. The observed 
effect is a steady reduction in signal amplitude with 
time. 

In the Bendix specification discussed above, 
5 Bendix make no suggestion that the ionising poten- 
tial should be alternating. The use of an alternating 
potential on the source periodically floods the ionis- 
ing and reaction regions with ions of opposite po- 
larity. Surface charges are thus neutralised and the 
70 ion currents through the drift tube or tubes are 
optimised. It will be appreciated that in a conven- 
tional ion mobility detector only a fraction of the 
ions reaching the shutter grids are admitted to the 
drift region to be analysed, typically the shutter 
75 grid might be open for 1% of the time. In this 
device we are using these spare ions for surface 
charge neutralization to ensure that when the grid 
or grids are open the maximum number of ions is 
admitted. 

20 The alternating potential can be altered in fre- 

quency and amplitude; the rectangular waveform is 
preferably variable in symmetry with the respect to 
the positive and negative such that the duration 
and amplitude of the positive potential can be 

25 varied independently of the duration and amplitude 
of the negative potential. In this way ion residence 
times can be varied for ions in the reaction region 
enabling the target ion concentration to be max- 
imised independently for positive and negative 

30 ions. 

Where such alternating potential is used - pref- 
erably of square form - a sample from the ionisa- 
tion and reaction regions can be allowed to enter 
the drift region by application of a short gate- 

35 opening pulse to the ion injection grid. The time 
delay between the start of one half -cycle of the 
alternating potential and the gate-opening pulse 
can be varied in a number of preliminary steps, 
and the consequent currents, detected at the de- 

40 tector electrode, stored in memory, until at the end 
of the preliminary steps, a preferred time delay for 
the gate-opening pulse is selected for subsequent 
testing as giving optimum results - at least for ions 
of a particular characteristic i.e. those on which the 

45 preliminary steps were carried out. 

Separate time delays can be set in this way for 
the two halves of the alternating potential cycle and 
hence for positive and negative ions. 

Thus in a preferred method of using an ion 

so mobility detector utilizing the second aspect of the 
present invention and preferably the first aspect as 
well, and thus using not only an alternating poten- 
tial on the ionization source but also a pair of 
opposed drift tubes, a sample from the reaction 

55 region is allowed to enter a drift region by applica- 
tion of a short gate opening pulse to the ion injec- 
tion shutter or grid, the time delay between the 
start of one half-cycle of the alternating potential 
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and the gate opening pulse is varied in a number 
of preliminary steps and the consequent currents, 
detected at the ion detector in the drift tube, are 
stored in memory, until at the end of the prelimi- 
nary steps, a preferred time delay for the gate- 
opening pulse is selected for subsequent testing as 
giving optimum results, e.g. maximum amplitude of 
the ion peak being assessed, for the ions on which 
the preliminary steps were carried out. 

The test is performed under the control of a 
micro-processer in a controller, which is preprog- 
rammed to perform the preliminary steps and the 
subsequent testing. 

The whole process need occupy no more than 
1 second, but enables optimum measurement to 
be made for a particular -or target- ion peak. 

A drift region of tubular configuration may be 
constructed of alternating rings of ceramic material 
and metal, these electrically conductive metal rings 
being called guard rings. The stack of rings is 
clamped together and sealed so as to make a gas 
tight tube. Devices of this type often enclose the 
stack of rings within an outer sealed envelope. The 
electrostatic drift field potential gradient is estab- 
lished by connecting adjacent guard rings to each 
other via a resistor and connecting the end guard 
rings to the terminals of a voltage source. The 
conductive rings afford a series of ascending volt- 
age levels and the longitudinal axis of the tube 
coincides with the longitudinal axis of the electro- 
static field which is thus established. 

Such a conventional arrangement is referred to 
in US Patent 3522425 which discloses a "conven- 
tional" voltage divider 50 comprising a plurality of 
spaced circumferential conductive plates intercon- 
nected by resistors 52 and terminally connected to 
a lead 26 connectable to a battery source and to a 
grounded electrode 12 so as to provide a relatively 
uniform field gradient. 

Other constructions may be used instead to 
establish the electrostatic field. Thus US Patent 
4390784 proposes a drift tube consisting of a tube 
of ceramic or glass or other suitable nonconductive 
material, coated continuously along its internal sur- 
face with a thick film resistor composition. 

We prefer to use a potential gradient in the 
range 150 to 350 volts per centimetre, desirably 
from about 225 to 275 e.g. about 250 volts per 
centimetre. 

For considerations of safety, it is preferred that 
the sample injection part of the device is arranged 
to be held at or near earth potential, requiring the 
collector electrode at the other end of the tube, and 
the amplifier couple*d to it, to be at an elevated 
negative or positive potential e.g. 1 250v or more. 

In a preferred form of the invention the means 
for recording, indicating or further processing of the 
signal output of the amplifier are isolated from the 



elevated voltage. This may be achieved by using 
an isolation amplifier using capacitative coupling of 
a frequency-modulated signal or an optical system 
based on this principle; it is preferably achieved by 

5 converting the output signal of the amplifier to a 
light output of intensity proportional to the signal 
amplitude and linking it e.g. by a fibre optic cou- 
pling, to an optical input for the recording, indicat- 
ing or processing means. 

10 The invention may be put into practice in var- 

ious ways and one specific embodiment will be 
described to illustrate the invention with reference 
to the accompanying diagrammatic representations 
in which: 

75 Figure 1 is a block schematic of an ion mobility 
detector showing the structure of the drift tubes 
and the gas flow paths of a device in accor- 
dance with the invention, 

Figure 2 is a schematic block diagram (on a 

20 smaller scale) of the electrical connections and 
electronic components, and 
Figure 3 is a representation of the rectangular 
wave form used in the invention. 
Referring to Figures 1 and 2 an ion mobility 

25 detector has a pair of coaxial drift tubes 10A and 
10B having their gating-grid ends 11A and 11B 
opposed to each other and defining a transversely 
disposed reaction region 27. The reaction region 
27 is supplied with ionised species from an ionisa- 

30 tion region tube 16 which is located in a housing 
12 offset to one side of the drift tubes 10A and 
10B. Unipolar ions characteristic of the sample are 
generated in the reaction region tube 27 and the 
mobilities of the ions generated are determined in 

35 the drift tubes 10A and 10B. Each ion drift tube has 
an end cap 14A and 14B respectively. The housing 
12 carries the ionisation region tube 16 to one end. 
the inlet end, of which an inlet nozzle 18 carried by 
the housing 12 is juxtaposed. The interface be- 

40 tween 12 and 18 is a membrane 24. The mem- 
brane end of nozzle 18 has a vent 20 to at- 
mosphere to enable gases to vent to atmosphere. 
The ionisation region tube 16 is adjacent at its inlet 
end to the membrane 24. An ionisation source 26 

45 is disposed within the tube 16. The inlet ends 11A 
and 11B of each of the drift tubes are closed by 
grids 28A and 28B which thus define the side 
boundaries of the reaction region 27. 

The tube 16 is a metal tube having an internal 

50 diameter of 7.4 mms. The injector grids 28A and 
28B are mounted on ceramic rings which form 
ends of the drift tubes 10A and 10B. The grids 28A 
and 28B each consist of a so called fixed grid and 
a so called moving grid, the latter facing the reac- 

55 tion region 27. 

Each drift tube is provided with a system for 
passing a counter flow of drift gas through it from 
the end caps 14A and 14B respectively to the 
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reaction region 27. Each end cap 14 thus has a 
drift gas inlet 34A and 34B respectively. The reac- 
tion region has a drift gas outlet 22 disposed op- 
posite the housing 12. 

The ionization region tube 16 is also provided 
with an inlet 35 for a carrier gas (which may be the 
same as or different from the drift gas). The drift 
and carrier gases may be supplied from disposable 
sources e.g. pressurized cylinders of purified gas 
in known manner or may be connected to recir- 
culating pumps, purifiers and driers so that the 
gases are conserved and held pure and of desired 
dryness, also in known manner. 

Thus a flow of gas enters at the port 35, it 
picks up sample vapour permeating through the 
membrane 24, and carries it all through the full 
length of the radioactive source 26. In the region 
27 the sample is diluted by the drift flows from the 
tubes 10A and 10B and the diluted sample flows 
pass out of the device through 22. 

The end caps 14A and 14B also carry a collec- 
tor electrode 32A and 32B respectively mounted 
within the drift tube 10A and 10B and preceded by 
a screen grid 33A and 33B respectively. The 
screen grids 33A and 33B are provided in order to 
overcome capacitative coupling and induced 
charge effects and are held at a constant potential 
relative to the collector such that the potential gra- 
dient in the space between the screen grid 33A 
and the collector electrode 32A is comparable with 
or greater than that in the rest of the drift tube. 

The collector electrode has a diameter equal to 
the internal diameter of the drift tube. 

Each drift tube 10A and 10B is provided with a 
structure for applying a potential gradient along the 
length of the tube. This structure consists of four 
spaced metal guard rings 30 A1 to 30A4 and 30 B1 
to 30B4. The rings are spaced apart by ceramic 
discs along the tube, the whole stack being 
clamped together to form a tube in known manner. 

An appropriate voltage is applied to each ring 
to establish the desired voltage gradient. 

The voltages are applied by means of a pair of 
adjustable high voltage sources shown schemati- 
cally in Figure 2 as 50A and 50B bridged by a 
resistor chain again shown schematically as 52A 
and 52B. Each chain (made of resistors 51) is 
connected between the inlet nozzle assembly 
(which is held at zero potential) and the respective 
collector electrode 32A or 32B (one of which is at 
high positive and the other of which is at high 
negative potential e.g. + 1250 and -1250v). 

For each chain 52 intermediate points are con- 
nected to the fixed grid of its gate 28 and the 
guard rings 30 of its drift tube 10 and to its 
collector grid 32 and its screen grid 33 and estab- 
lish appropriate potential differences at these var- 
ious locations in the detector. 



The source 26 is preferably the well known 
63 Ni foil radioactive source which produces beta 
radiation. A potential gradient is established as 
described below, from the source 26 to the grids 

5 28A and 28B, acting to move the charged ions 
from the vicinity of the source to the injector grids 
28A and 28B (32A being positive, the grid 28A is 
positive and attracts negative ions; 32B being neg- 
ative, the grid 28 B is negative and attracts positive 

70 ions) where, if the grid is closed, the respective 
ions are discharged. The precise mode of opera- 
tion is described in more detail below. 

The potential steps between the guard rings 30 
of the drift tube are equal. 

75 Each collector electrode 32A and 32B is con- 

nected to an amplifier 36A and 36B respectively 
which has an optical diode 38A and 38B respec- 
tively at its output. These diodes float at the same 
potential as the collector grids 32. Fibre optic links 

20 40A and 40B couple the light output of the diodes 
38A and 38B respectively to the input of diodes 
42A and 42B at the input of amplifiers 44A and 
44B the outputs of which are connected to the 
input of an electronic control unit 46. The control 

25 unit supplies an output to a recorder/indicator 48 
and is arranged to provide trigger pulses to the 
injector grids 28A and 28B via the lines 29A and 
29B. 

Each injector grid 28 is normally biased elec- 
30 trically by the control unit 46 to prevent the pas- 
sage of ions, but each is gated periodically by 
means of an electrical pulse from the control unit 
46 to permit the gated injector grid 28 to pass a 
pulse of ions into the respective drift tube 10A or 
35 10B. 

The grids 28 are typically two sets of parallel, 
almost interdigitated wires. The grid is closed when 
a potential difference is applied between the two 
sets of wires. When there is no potential difference 

40 between the two sets of wires, e.g. when they are 
connected electrically, ions can flow through the 
grid. The grid affords a circular opening to the drift 
tube having a diameter of 1 2 mms. 

The potential difference across the resistor 

45 chain from 18 to 32A is +1250v and from 18 to 
32B is -1250v. The potential of the source 26 is 
preferably ±250, but can be up to ±500 volts and it 
is spaced about 4 mms from the fixed grids of 
each grid 28 which are held at voltages, relative to 

so that on source 26, such that the field gradient 
between the source and the fixed grid is approxi- 
mately equal to that in the tubes 10 (which is 
typically 300 volts/cm). The moving grid of each 
injector grid 28 is held at a voltage above that of 

55 the fixed grid by the controller 46 e.g. 30, 40 or 
say 70 volts to hold the injection gate 28 closed. 
The controller 46 equalises the voltages to open 
the gate. The resistors 51 between the conductors 
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30 are typically 5 megohms producing potentials at 
conductors 30A1 to conductor 30A4 such that an 
approximately linear field gradient of 300 volts/cm 
is created in tube 10A and in tube 10B. 

The operation of the device is as follows. Drift 
tube gas, typically dried purified air, is circulated 
though each drift tube 10 entering at 34A and 34B 
and exiting at 22. Conventional flow rates known in 
the art are used e.g. 1 to 50 ccs of gas per cc of 
drift tube volume/minute. 

The air is desirably zero air. The function of the 
drift gas is to quench ion-molecule reaction in the 
drift tube. 

The carrier gas which in a typical use is am- 
bient atmospheric air containing a gas sample to 
be detected and characterised is drawn into the 
inlet 18 by means of a pump (not shown) attached 
to the vent 20. Similar flow rates in relation to the 
volume of the reactant tube may be used as for the 
drift gas. The membrane 24 is chosen to be selec- 
tively permeable to species which it is wished to 
detect such as organic molecules, whilst being 
much less permeable or essentially impermeable 
to H2O, O2, N 2 and CO2. The species it is wished 
to detect thus permeate through the membrane 
into the ionisation tube 16 and together with some 
of the carrier gas pass into the vicinity of the 
ionising source 26. The membrane may comprise a 
sheet of silicone-based rubber material such as 
dimethyl silicone rubber. The voltage sources are 
switched on 50A being positive and 50 B negative. 
The carrier gas molecules are ionised and to a 
lesser extent the sample species. 

As the ion mobility detector operates at or near 
atmospheric pressure, the mean free path of the 
ions and other molecules is small in relation to the 
dimensions of the confining space and there are 
many collisions between the various gas molecules 
in the reaction region within the space 27. The 
collisions tend to produce ionised sample mol- 
ecules by charge transfer from the ionised carrier 
gas molecules. 

The field gradient between the ionizing source 
26 and the injector grids 28 moves the ions gen- 
erated by the ionizing source from the carrier and 
sample gas towards the injector grids 28. 

The ion mobility detector in accordance with 
the invention can detect both positively-charged 
and negatively-charged ions virtually simultaneous- 
ly. If as indicated above the potential at the collec- 
tor grid 32A is arranged to be positive then nega- 
tive ions will be attracted towards it, and collector 
32B will be negative so that positive ions are at- 
tracted towards it. 

The ionizing tube of 63 Ni foil is supplied with 
alternating current from a separate AC source un- 
der the control of the controller 46 via a line 25. 
This current is of rectangular wave form typically 



+ 250v relative to ground with a frequency of up to 
100 Hertz and typically 50 Hertz (50 cycles per 
second). As the potential at 26 switches to +250v. 
the potential difference between 26 and the grid 

5 28A causes the negative ions to move towards the 
grid 28A and they are discharged when they reach 
the grid 28A, if it is closed. The positive ions 
created by the 63 Ni foil are discharged at the tube 
16 during this period of time. 

70 The controller 46 generates the rectangular 

wave-form, which may be asymmetric with respect 
to the positive- and negative-going portions, and 
triggers the gating grids to open after controlled 
delays from the rising edge of the rectangular wave 

75 as represented in Fig. 3. The positive or negative 
delays can be adjusted separately, either manually 
or in a feed-back loop, while monitoring the target 
ion peak in the positive or negative ion spectrum 
respectively. 

20 In a first operation with the time delay, t B (see 

Figure 3), short, the detector current from the col- 
lector 32B by way of the link 36B, 38B, 40B, 42B 
and 44B, is fed to the controller 46 and retained in 
memory there as a current time spectrum starting 

25 from the time of the gate opening pulse at t B and 
showing detected current peaks at times-from-start- 
ing and amplitudes respectively representing the 
characteristics of the ions in a package and the 
number of ions with that characteristic. 

30 In the next operation, the time delay t B is 

increased, and a further current/time spectrum is 
stored in memory. 

The time delay t B is increased in steps over its 
range within the positive half of the square wave. 

35 The controller 46 is programmed to select for 

subsequent use the particular time delay t B which 
gave the maximum current amplitudes in a speci- 
fied peak. 

In successive steps using the selected time 

40 delay t B , detected currents are averaged and used 
for record or display. The whole process may take 
from 0.5 to 1 .0 seconds. 

The process is repeated for the time delay t A 
and the negative ions. 

45 The interval between the top of successive 

rising edges is typically 20 milliseconds (ms). The 
gating grids may be opened for 50-1000 micro- 
seconds (us), but preferably about 180 micro- 
seconds (us) and this gating time represents the 

so beginning of the drift time for the slab of negative 
ions, in the case of grid 28A or the slab of positive 
ions, in the case of grid 28B. 

When the AC potential switches to -250v the 
positive mode delay is initiated permitting the build 

55 up of positive current in the injection region 27; at 
the end of this delay period the controller 46 opens 
the injector grid 28B for a short period typically 
180 microseconds (us) (this is the beginning of the 
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drift time for this slab or batch of positive ions). 
The grid 28B is opened typically about 10ms after 
the gate 28A and by this time the first batch of 
negative ions are about half-way down the tube 
10A. 

This cycle is repeated and the readings 
averaged by the controller 46 for the positive and 
negative collector currents to give averaged values. 
Typically the number of cycles is 16, but this can 
be varied in order to achieve appropriate signal-to- 
noise ratio. 

The amplitude of the rectangular wave can be 
varied if desired and may have an amplitude as 
great as ±500v. 

Increasing the amplitude decreases the resi- 
dence time of ions in the ionisation and reaction 
regions and enables, via a variety of ion-molecule 
reactions, the target ion concentration to be max- 
imised. 

The beta particles from the Ni 63 source collide 
with mainly carrier gas molecules and produce 
positive/negative ion pairs. When the source is at 
positive potential, the positive ions are discharged 
at the source and the negative ions are repelled 
into the reaction region where they undergo further 
ion-molecule reactions including charge exchange 
and addition reactions. A simple example is when 
an Oi ion collides with an appropriate sample mol- 
ecule M a charge exchange can occur producing a 
charged sample as 05 + M = O2 + M~, and 
subsequently other M~ related adduct ions. 

It is these product ions which are drawn from 
the reaction region 27 to the grid 28A. 

The injector grid is opened, by the controller 
46 removing the potential, typically for about 0.18 
milliseconds (ms) every 20 ms thus introducing a 
regular pulse or slice of negatively charged ions 
into the drift tube 10A. This time interval of 20 ms 
is known as the cycle time. In this arrangement the 
cycle time can be varied as desired between 10 
and 1000 ms. As mentioned above the counter- 
flowing drift tube gas has the function of quenching 
any further reactions between the ions and mol- 
ecules. 

The ions then are moved down the tube by the 
applied even electrostatic field to the collector 32A 
and as they pass down the tube 1 0A they separate 
into faster more mobile negative ions followed by 
slower less mobile negative ions and each group 
arrives at the electrode as a distribution around a 
mean or peak maximum which is used to identify 
the mobility of the particular negative ion species. 
The ions thus tend to separate into discrete mobil- 
ity groups, the groups reaching the collector elec- 
trode 32A at discrete times after their injection into 
the drift tube by the injector grid 28A the drift times 
being directly related to ion mobilities. 



The ions are discharged at the collector elec- 
trode 32A and this generates an electrical current 
at the input to the amplifier 36A related to the 
number of ions in each group as it strikes the 
5 electrode 32A. 

The current is amplified by the amplifier 36A 
producing related variations in the intensity of the 
light emitted by the light emitting diode 38A. 

The emitted light is coupled by the fibre-optic 
70 coupling 40A to the diode 42A which generates a 
related current at the input of the amplifier 44A, 
which is amplified and passed to the control unit 46 
and, after processing, to the indicator/recorder 48, 
which may be an oscilloscope, pen recorder, mag- 
15 netic storage medium or alarm or any combination 
of these. 

The construction, circuitry and mode of opera- 
tion of the controller 46 are otherwise as described 
earlier. 

20 The current signal from the electronic control 

unit 46 to the indicator/recorder 48 can be an ion 
mobility spectrum which can be calibrated in ion 
mobility and related to the quantity and type of 
molecules present in the atmosphere sampled by 

25 the inlet nozzle 1 8. 

The counter flow of drift gas through the tubes 
10A and 10B serves to remove non-ionised mol- 
ecules of sample and carrier which may have 
passed through the injector electrodes 28A and 

30 28B and which could, if not removed, cause further 
ion-molecule reactions to occur which may change 
the identity of the ions, as detected at the collector, 
during transit through the drift region and result in 
distortion of the ion mobility spectrum. 

35 As mentioned above some molecules ionise 

into a single ion species, others into a number of 
ion species. The time of arrival and size of these 
peaks and their sign can be used as a characteris- 
tic spectrum by which an unknown species can be 

40 correlated with a known sample, provided that the 
drift conditions are known i.e. potential, carrier gas, 
value of flow rate, purity, temperature, pressure 
and humidity. 

The controller 46 preferably thus contains a 

45 library of spectra for known species. These can be 
displayed on the recorder-display 48 and com- 
pared with the unknown sample or the comparison 
can be done in the controller and when a fit is 
detected the name of the detected species then 

50 displayed or some characteristic signal, visual or 
audible or both, given. 

In addition the concentration of the detected 
species can be measured and a direct numerical 
read out or merely an indication of concentration 

55 levels given. 

As indicated above the grids 28 are pulsed 
every cycle which as mentioned above may be in 
the range 10 to 1000 ms. The collector electrode 
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32 measures the ion peak pattern continuously, the 
amplitude of the pulse being proportional to the 
number of ions, the ion arrival time being char- 
acteristic of the ion. Thus the actual drift time of 
the ion is the time base and a complete ion drift 5 
pattern is generated in each cycle. It can take a 
few seconds for the sample to clear the cell thus 
averaging repetitive scans over a number of cycles 
(as mentioned above) can help obtain an improved 
signal to noise ratio. w 



Claims 



1. An ion mobility detector having a sample inlet 

membrane (24), means for flowing a sample 75 
passing through the membrane (24) over an 
ionisation source (26) to an ion reaction region 
(27), with which one or more ion drift regions 
(10A, 10B) communicate, means (30 A1 to 30 
A4, 30 B1 to 30 B4) for impressing a potential 20 
gradient on the or each drift region (10A, 10B), 
an ion injection shutter (28A, 28B) at the en- 
trance to the or each drift region whereby the 
drift region can be made accessible or in- 
accessible to ions of a particular sign located 25 
in the reaction region (27), an ion detector 
(32A, 32B) in the or each drift region, means 
(34A, 34B) for passing drift gas down the or 
each drift region to the reaction region and exit 
means (22) in the reaction region (27) remote 30 
from the ionisation source (26) for venting drift 
gas from the reaction region (27), characteris- 
ed in that a source (25, 46) of alternating 
potential is connected to the ionisation source 
(26). 35 



2. A detector as claimed in claim 1 characterised 
in that it has two cylindrical drift regions (10A, 
10B), preferably arranged to attract ions of 
opposite polarity, disposed at either end of a 40 
cylindrical reaction region (27), the ionisation 
source (26) being located in a housing (12) 
outside the cylindrical reaction region, the said 
housing (12) communicating with the reaction 
region (27). 45 



50 



55 



8 



EP 0 626 579 A2 




9 



EP 0 626 579 A2 




EP 0 626 579 A2 



A 




FIG. 3. 



11 



